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COMPLETE SPECIFICATION 
Curtain Coating Apparatus 


We, Continental Oil Company^ of Ponca 
City, Oklahoma, United States of America, a 
coxporation organised under the laws of the 
State of Delaware, United States of America, 
do hereby dedare the inventioii, for wMch 
we pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly desoibed in and 
by the following statement: — 

This invention relates to improvements in 
apparatus for providing a. descending curtain 
of a liquid coating material for depostion on 
a substrate moved throu^ the curtain. 2^re 
particularly, the present invention relates to 
curtain costing apparatus which includes struc- 
ture' facilitating the positioning of a thinner 
film of coating material upon a substrate than 
has been possible using curmin coating a^^- 
ratus of the type heretofore available. 

In amventional curtain coating madiines 
now in use^ such as the Steinemann curtain 
coater, the basic elements of the madune 
generally comprise a coating head horn whidi 
emanates a thin gravitatix]^ film of a liquid 
coatii% composition, a recqptade or omtamer 
of some type disposed bdow the coadng head 
for receiving the coating compositiixi as it 
gravitates from a coating head, and appara- 
tus for moving a substrate material to be 
coated through the film or curtain of coating 
ccMnposition emanating from the coating head. 
In die usual operatian of sudi curtain coat- 
ing machines, the coating conqx)5ition is 
allowed to gravitate from the coating head, 
or is ejected therefrom under a pressure 
slightly exceeding atmospheric pressure^ and 
moves through the air as a thin film or cur- 
tain extendmg vertically between the receiv- 
ing receptade or trougih and the coatmg head. 
The liquid coating oanposition is recirculated 
from the receiving trough to the head after 


being passed through suitable heating and 
degassing equpnent 

The apfmratus whidi is employed in con- 
junction with the coating head and receiving 
trough for completing the coating operation 
indudes some suitable type of convcyv»r 
medianism f cnt moving a substrate to be co^ed 
through the gravitating film or curtaiiL In 
some instances, a^ for example, where it is 
desired to move a fla^ substantially mono- 
plan^ discontinuous substrate throi^ the 
curtain, a pair of endless conveyor bdts may 
be disposed on of^site si(tes of the curtain 
and the bdts moved in the same direction so 
that a substrate, sudi as milk carton stodc or 
the lilop, can be passed dirou^ the curtain 
by movement across the gap or open space 
existing between the two conveyors. In 
odier^ applications of tiie curtain coating 
machinery, an dongated continuous web is to 
be coated. In ^is instance, suitable feed 
and take-iq[> rolls are provided on q)posite 
sides of the vertical plane of the gravitating 
curtain, and the wd> is transferred between 
the feed and take-tqp rolls so that its spm be- 
tween the rolls passes through the gravitat- 
ing curtain. 

Whether the curtain coating device is to 
be employed for coating a disomtinuou^ rda- 
tivdy short substrate, such as milk carton 
stock and the like, or is to be used for coat- 
ing continuous webs, die thidmess of tiie de- 
posited layer or coating is frequcntiy critical 
and always a major ccmcem. The thidooess 
of the coating laid down on the substrate will 
generally be dependent upon tiie speed at 
whidi the substrate is moved throu^ die 
gravitating curtain and the rate at vfbldi the 
coating composition is being released ftom 
the coating head. In genml, the first evi- 
dence vdiich is observed that the limit of 
thinness of the applied coating has been 
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reached is the appearance of discontinuities, is^ hoUoWj-widi-the-hoIlow-intenor— thereof 
breaks and ftactures in the applied coating, f^^^ng. at the_kaife_edgejo^dia^ 
Once the coating fails to con^jletely cover \mayjfe;;te\rajtto 

ihe substrate and bare spots or breaks appear r other~sui^le~gas imder~ jpressure may-be-^ 
5 in the coating, any further attempt to reduce f forced'l^u^r^^m^ 

the thickness of the coating by control of tbeL^-^PP^gfeg adjacent the knife edger~"In 7 

flow of coating composition, or increasing the ^this embodiment _,of „the-invention,- ajprce„dc^ 
speed of the substrate throu^ the curtain,^ veloped'by redOction or increase in pressure^ 
will only result in aggravation of the coating can^ be Jrought^to-bcar^on the-su^^ 
10 discontinuity and the increasing freqiKncy off be coated ddng^the^Me~ Aereof wjd^^ 75 
breaks £uid imperfections in t& coating. ' ctacted by-tbe knife edge. 

^The-r.present— invention~conq>rises~an-^im-j From the foregomg description of the in- 
provment-in cortaiin-coating-apparatus^ vention, it will be perceived diat a major 

permite^ i±e nomiLmm^-t coating object of the invention is to provide an im- 

15f ~^c^ arelOTK^ to^substrates B^^ proved curtain coating device whidi can be 80 

^the^gravitamig cmllin"^ be~fiirther reduced^ effectively employed for depositing relatively 
(^and^yetthirmcr coatings to be applied. Aocordr thin coatings of a molten coating composition 
cmg torthejnvejttip on a substrate materiaL 

f tflin coating apparatus^ comprising a^slotteli An additional object of the present^ inven- 
20 ( c^iting^head arranged- to provide, ^hen„ in? tion is to provide a device for reducing tiic 85 
£^use, a gtqvitatingjatttain of a Hquid-^coating thickness of uniform continuoiK coatings wfiTch 
composition emanating fom^the^ s^^ are applied to substrate materials by a curtain 

coatu^'Head^Tlmeans for conveying a sulP coating procedure. 
^ fftrgty tbrpuiji the curtain ai^ bdow the coat- Another object of the present invention is 
25 < 'fng-befld~in^gjT^inii ejctending substa^-"7 to provide an improved curtain coating device 90 
^fl^y ioonnal-tD said grav^ is mechanically strong, relatively easily 

fjiorizqntaify CTtmding 'kmSt edge eictending y utilized and characterized by a long and 
generally panllel-to^a^v^dol plane cont trouble-free operating life. 
^ing-^-sIot^£a^saM" <^6?grfi^ and hbrir In addition to the forgoing objects and 
zontally ^aced from sa»l''^£^_said looifej} advantages, additional objects and adi/antages 95 
edge bemg positiraed at a verdM^^ become app^?^^ as the foUowiqg 

r~ that it & aBfe to cmjtact' the upper surface^ tailed description is read in conjunction with 
"^fttf 'sailntubsiiate~just"b^^ the accompanying drawings vvtidi illustrate 

jnorod timm ^_saijd,grayitattng ctMiii the invention. 

35rc^veying mdm^ In the drawings: 100 

i^nf rjfeid edge-or-knifB-hkde is desir^ Figure 1 is a sdiematic illustration of the 
^ly Spaced fcraa^the^gra^ manner in vrfnch the apparatus constituting 

Oistenoelofrficom-aboitt-lISZ^^ improvement of the present invention is 

llgferaH^Iiiiellm^ in conjunction with the basic de- 

40 (]he-gravxtating~c^te^;;byj^M^ ments of a curtain coating apparatus. ^ 105 

or as dose "6~tfe gtavi Catin g~cttrtain"a8^p08'' Figure 2 is a perspective view of an im-- 
![sihle^rand'^uladjus^ provai curtain coating apparatus constructed 

- tlifi~fflSaceIofIliieIwilwS^ in accordance witii the present invention.^ 

Ccoated. The advantageous effect eni^c^ Figure 3 is a transverse sectional view 
45 ing the described structure wMcii constitutes taken throi^ tiie knife edge carrying mem- 110 
the present invoition is to pecmtt idathdy ber in the curtain coating apparatus illus- 
ihm coatings to be applied to the substrate trated in^ Figure 2. 

with a consequent saving in liie cost of coat- Referring now to^ die drawings in detail, 
ing material^ and an im prov e mept in the the xdative position in a curtain coating appa- 
50 f^nrtimtal gnfahiliriws nf mafgd siAstrates for ratis of the Structure constituting the im- 115 
some uses which lequixe a very thin film of provement provided by the present invention, 
the coating ma tprial on the substrate. and its prindples of operation, can best be 

In a preferred embodiment €i the inven- understood by referring to the schematic illus- 
tion, a rigid member carrying a knife edge tration of Figure 1. A continuous diH^gatcd 
55 ^'ch is placed in contact widi the substrate web is to be coated by passap tfaroqg^ 120 
to be coated is used conjunctivdy with a the curtain coating machine h designated by 
shidd twhidris brou^j^^ reference character 10. The wd> 10 origin- 

CTof^ti^^tii the Imtf^ edge b^£mj$^niamber> ates at a suitable conventional feed roll 12, 
Cto-^form- a~contmuops "shfeld-or-^ob stmctia n; is passed over an idler roll 14, and then is 
fiO t^amding verticaHy and"i»;^ldIto:the_g^ pa^ed beneath a member 16 which extends 125 
C^teting cur^iin^ as to bldclr iiSmc^^ — ^transversely across the web 10, and is pro- 
C-air-currents toward die-curtain. ™ ^vided with an edge of reduced thickness or 

In~yet"lmfflier emlwd immt of Itfae"inyai? knife edge 18 at the lower ade thereof. The 
tion^ tile niember wfiidi^carries-Ae-^lmife knife edge 18 is in contact with die surface 
^ i bMe or d on^tedj^ge- f-reduced tliiclmess7 of the web 10 which is to be coated. In the 130 
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schematic illustration f Figure 1, this is the applied. No disamtimiities or 
upper surface of the web. tions have been noted in these telativdy tfam 

Afteripassing:beiieathy:a ndi i niCDDta c tjyi tl^ coatings. 
^_thc_knifC'^^1^8^a|mdt-by^^ The pnndpjes hy xrfrich ihr^ Mnrwr ooat-y 

^C^-^web:k- passed-thiou g ^ a- gm^te^^ ings-afe adnewd ait^not.lmonajwith: eaactV 
<:tain 20-of-a-mdten-coatiijg-compoaftiOTLirA^ 
is wdl understood in the ai^ die curtain 20 ^.aiid its associiat^' fiSfc^gO^'aa^ 
originates at a hollow coating head 22 \rfiich ^ at-leak twojPm(^i^7^«^fiich 
is provided with a slot (not seen) in the lower permitting the coating ihii^ess to^be redncxdo 
10 pmion thereof to pass the composition. The OPirst, the^membcr 16 acts as a diield \diidi j 75 


70 


molten coating composition is received in 
receptacle or trot^ 24 wbidi is positioned^ 
beneath the path of movement of die wd) 10 i 
and in vertical alignment with the coating 
IS head 22. Suitable means (not shown) are 
provided for recycling the coating composi- 
tion ftt)m the trough 24 throu^ suitable pre- 
heater and degassing apparatus to die coating 
head 22. 

20 After passing through the gravitating cur- 
tain 20, the continuous web 10 is passed over 
an idler roller 26, through chilling apparatus 
28 and to a take-iq> or rewind rc^ 30. 
The portion of the illustrated apparatus 

25 whidi constitutes die improvement of this in- 
vention is the member 16 carrying die knife 
edge 18 which contacts the web 10. We 
have found that when a structural element of 
this type is used in combination with the 

30 cuitain coating apparatus and is portioned 
from about 1 to about 5 inches from the 
gravitating curtain 20 in the direction from 
which the web is moving, coatings lit^ch are 
cwisiderably reduced in thickness, and yet 

35 which are continuous and defect-free may be 
laid down on the moving substrate. Prefer- 
ably, the member 16 and ibe knife edge 18 
whidi it carries are positioned so that the 
knife edge extends parallel to the gravitating 

40 curtain 20, and is positioned as dose diereto 
as possible to yet avoid interference with die 
curtain. A spacing of about 1-1/2 mches 
from the curtain is usually desirable. 

In tests which we have conducted, we have 

45 found that in the absence of the member 16 
and the knife edge 18 placed in contaa with 
the substrate, coatings of lesser tliickness than 
7.5 pounds of coating composition per ream 
POOO feet square) cannot be uniformly de- 

50 posited on typical cellulosic substrates. In 
any attempt to further decrease die thickness 
of die coatings by increasing die web speed 
through the curtain 20, or by deoeaang the 
rate of flow of coating material from the 

55 coating head 22 to the trough 24, the coating 
fails to cover the web completely, and dis- 
continuities, cracks or craters are formed 
therdn. On the other hand, when the knife 
edge structure is included in die ^arotus, 

60 and the knife edge 18 is broi^t to bear 
lighdy upon the substrate in the position 
dcpidcd in Figure 1, uniform continuous 
coatings having a thidmess equivalent to the 
distribution of 5 pounds of the coating oomr- 
positioa per ream of substrate have been 


prev^ts ^air^currents-and^pcrhaps thermal J 
conduction currents ^frran impinging on the 
Igravitatin g curtain 2Q,~causing^tfae-curtain to? 
y^^ ^T Income diin^r^m pne^l^^^^o^ 
its^fi^verse extent th^ jnTand^g^U^lfe^ 80 
blodcage of air currents which is acoHnpIished 
by the member 16 is particularly important, 
since air currents moving toward the curtain 
20 are developed by the r^id movement of 
the substrate toward the curtain, and this is 85 
particularly true in the case of continuous sub- 
strates or webs_of_.the-type.fllustrated_in„Fig- 
uIe-_l.^J The need for bloddng or dampmg, 
out the air currents moving widi thersubsttate 
or-continuous_webiis:grealest dcKdy^ad^ 90 
(the^siSFace^f th e st Astrate whidi^is to^be 
tcoated, ance the i mpingement of these air 7 
C^5*?^??_^ jffie_cifftem~^'diis"fwo^ 
greater effect iq>on the liniformity^f the 
coating laid down than will the impingement 95 
of such forces at points further removed 
vertically from the substrate. To the end of 
completely blocking the air movement im- 
mediatdy adjacent the surface of the sub- 
strate, the knife edge provides a continuous 100 
seal between the member 16 and the sub- 
strate and prevents flow of any air under the 
member 16 and into the gravitating curtain 
20. 

The second function which it is believed is 105 
provided by the member 16 and its assod- 
ated knife edge 18 is that of damping out 
mechanical vibrations \diich are transmitted 
along the span of the web whidi extends 
through the gravitating curtain 20. Thus, 110 
as the knife edge 18 bears against die iq>per 
surface of the substrate, any vibrations or 
mechanical wave forms whidi may be pro- 
gressing along the substrate between the points 
of support thereof oa opposite sides of the 115 
curtain 20 are at least partially damped out 
or si^pressed with die result that the coat- 
ing composition makes initial contact with the 
substrate in a more uniform manner through- 
out the transverse extent thereof. 120 

A preferred embodiment of the present in- 
vention as the same may be acdially con- 
structed for use in applying a coating com- 
position to a moving substrate is illustrated in 
Figine 2 of the drawings. An ebngated 125 
cratinuous wd> 40 constituting the substrate 
to be coated originates at feed rolls (not 
shown) and Is ps^sed over an idler roll 42 
si^ported between generally horizontally ex- 
tending side brackets 44. The idler roll 42 130 
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is vertically adjustable in the side brackets 
44 for a puipose heieiiiafter to be e^lained. 
The side brackets 44 can be mounted on the 
frame wcffk (not shown) of tiie curtain coat- 
5 ing apparatus in any suitable manner. 

At the opposite ends of the side brackets 
44 from the ends carrying the idler roll 42, 
the side brackets are longitudinally slotted 
so as to permit adjustable mounting of a pair 
10 of hcHizontally extending, spaced supporting 
arms 46. Tlie si^porting arms 46 may 
adjustably mounted on the side brackets 44 
by the use of bolts 48 extending dirot^ an 
elongated slot 49. The supporting anns 46 
15 caxxy an elongated bar 50 wMch extoids trans- 
versely across the web 40 and parallel to tiie 
gravitating curtain of coating composition 
which, in Figure 2, is designated by reference 
character 52. The doi^ted bar 50 is pre- 
20 feraUy adjustably st^yported in tiie aims 46 
so that it may be mtmd vertical^ widi re- 
spect thereto. 

JThc-lowest side-of-the-elongated bar 50 k 
converged to a knife edge^ 54__\^^_bear? 
25 ( against the jg>pg^..smface^gf the continuoiis 
""vrelb '40r prcferied arAodiment-of the 


this shield, the primary reason for sudi 
arrangement is the present existence of the 
extension shield. In instances \^eie the 
extension shield is not provided on the cur- 
tain coating apparatus^ a continuous vertically 70 
extending shield structure may be formed in- 

tegrally with the elongated-bar-50,-or may~be j 

soured to the top of "this bar'to~function'ln 

substantially the same manner as the exten- 
sicm shield 60, that is, to provide additional 75 
shielding against air corrents moving in the 
same dkection as the direction of travel of 
the web 40, but displaced further vertically 
from the "wdb 40 than the vertical dimenson 
of the elongated bar 50. 80 

After passing beneath the elongated bar 
50 and in contact with the knife edge 54, the 
contmuous web 40 moves througji the gravi- 
tating curtain 52 of coating composition 
which descends from a hollow coating head 85 
68 to a recq}tacle 72. The web 40 ibm 
passes over an idler roll 70 provided on the 
opposite side of the curtain 52. From the 
idler roll 70^ the passes throi^ a suit- 
able dulling chamber (not shown) where the 90 
molten composttion is further set up or hard- 
ened by temperature reduction. The wd> is 


V.hwenjign,jh« doogated bar 50 irhollow in' 

rconstriKdpn Ji;^ .^Jiollow interior thereof j finally taken'i^ on suitable take-up rolls (not 
/ communicating wiilTa narrow, dongated open- ^own). 
30" ing in the knife^edgp - 54ia s bes t jUnstrated in J In tibe operation of the apparatus of tiie in- 95 


\Figme_3- A-vacnom,oonngjiffl 56 is proj- 

^yided-adjaceiit one end'of thc^to_5^^ 
x^^Tmt_:tibe^hoIlow interior tteTOf 'to~fe"evaair 
\atEd A l l e r m t iv dy," tbcnro may 
35 (be.used''fbr-intn)diiang~^ under pressure to 
tfae-mteiior <^ the-doiigated».hon^l3^^ 5 

Fc^ohed above and in vertical aUgmneut 
with the dongated bar 50 is an extension 
shield designated generally by reference 
40 character 60. The extension shidd 60 is of 
a length which generally corresponds to the 
length of the elongated bar 50^ and indudes 
a rigid supporting fran^e 62 idiidi supports 
and endoses a rigid, preferably transparent 
45 sheet of matetid 64, such as £^ or a trans- 
parent plastic sadi as the material sold under 
the R^jstexed Trade Marf: **FlexigIas*. The 
frame €2 of the extension shidd is mounted 
on verticdly extending rods 66 whidi extend 
50 upwardly from the extension diidd 60 and 
are slidably si^ported on the framewozk (not 
shown) of the curtain coating apparatus. The 
rods 66 may dius be slidably adjusted in a 
vertical direction so that the extension shidd 
55 60 can be lowered urdl the lower edge there- 
of abuts the vppex edge oi the don^oed bar 
50. 

At this point it should be noted tiiat the 
extension ^dd 60 is currently provided on 
^ some types of curtain coating apparatus for 


vention, tibe substrate is passed beneaA ^ 
doQgBted bar 50 and its assodated knife edge 
54 in a manner such that the surface of the 
substrate is in contact with ^e knife edge 
over the entire transverse width of the sifi- 100 
stiate. In the case of the conttnuous wd> 
40 illustrated in Figure 2, this is accomplidied 
by positioning the knife edge 54 diglitly 
bdow the common plane wbidi contains the 
upper surfaces of the idler rolls 42 and 70 105 
wlule maintaining tension on the wdi. As 
die substrate pa^es beneath the dongated bar 
50 in contact with ^ knife edge 54, vibra- 
tions of the substrate are damped out; and 
its surface receiving the coating composition 110 
is more quiescent and vibration-free. More- 
over, die dongated bar 50 blodcs air and ther- 
mal ccHiducdon corrents moving with the wd> 
40 toward the gravitating curtain 52 and pre- 
vents their impingement on the curtain. More 115 
complete bloc^dng is obtained when the ex- 
tension shidd 60 is employed, or i^en a 
similar vertically extending structure is posi- 
tioned siqierjacent the dongated bar 50. 

The dongated bar 50 can be either a solid 120 
bar or can be the hollow construction illus- 
trated in Figure 3. The hollow construc- 
tion is preferred since by use of the hollow 
bar 50 in conjunction with the vacuum con- 
nectiqn_56,fti3^interior"of the~biar 50 inay tey 125 


the purpose of partially shielding the gravitat- (^^imted,jhus_towing tiie substrate against 
ing curtain of coating composition. In the (^e knife edge 54 and maintainingza-vacuum'^ 


65 


arrangement which has been described where- 
in the knife edge carrying structure of the ^ 

present invention is used conjunctivdy with Giay-be desired-to-permit the-vacuum m aa 130 


<seal^ag2unst_air_jc^^ pasang beneath the 
the Omife edge. Moreovja'j-injiSQ me instances , it 
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^oDg-the.subsa;ate_^ jdiat^pom of the sub- 5. Apparatus as claimed in daim. 4, where- 

5^sfete~betwe^ in said knife edge comprises a hollow don- 

gravitating-^Gimainr52:i^ gated bar teiminadng in said knife edges, the 

^tend^yjjfz^ei movin j giwebjto generate tur-^ hollow interior of said bar commtmicadng 55 

S^bulibu^suod. mo^ with the slot in said knife edge. 

^knifc::edge:^nd--Ae- wrf)4s^da mped log:b y : a ; 6. Apparatus as claimed in any preceding 

{^digjht-su^nror3»c uum w Kidi- dPEiws air daim^ whexetn a leoqitade is q^ced vertic- 

anTchtsr^>^^"q<^CT isejiro i4d"t^ ally bdow the coatipg head to receive the 

agwaid..thelweb>:1^^ ^vitadng curtain of liquid coating compo- 60 

10 ^~die-.bar^5p. sidon emanating from tii^ slot in t& coating 

From^the'lfoiegoing descriptkm of die in* head, and wherein said conveying means comr 

vendon, it will have become apparent that prise first siQ)port means on one ade of the 

die present invention provides an improved vertical plane extending between die slot in 

curtain coating apparatus whidi pennits said coating head and said receptade for sup- 65 

15 diinner, continuous coatings to be applied to porting a portion of the sub^te as it is 

moving substrates than me coatings whidi passed through said vertical plane in a direc- 

can be applied with curtain coating q)paratus tion normal thereto, ard second si^yport 

heretofore in use. The structure is simple means on the opposite side of said vertical 

and easily constructed and maintained, and plane from said first support means, said sec- 70 

20 yet is diaracterized by mechanical strengdi, ond support means serving to support a por- 

and a Icmg and trouble-free operating life. tion of the substrate as it is passed dirough 

said plane in a direction normal thereto. 

WHAT WE CLAIM IS:— 7. Apparatus as daimed in Claim 6 where- 
1. A curtain coating apparatus, compris- in said first and second sijqpport means eadi 75 
ing a slotted coating head arranged to provide comprises a roller. 
25 when in use, a gravitating curtain of a liquid 8. Apparatus as claimed in Claim 6 or 7, 
coating composition emanating ftom the slot \dierein said knife edge is vertically adjust- 
in the coating head, means for conveying a able between vertical levels ^di are alx>ve 
substrate dirough die curtain and bdow the and bdow a line extending between the por- 80 
coating head in a direction escteiKling sub- tions of said first and second support means 
30 stantially normal to said gravitating curtain which contact and support said substrate 
and a horizontally extending knife edge ex- whereby said koife edge will contaa die sur- 
tending generally paralld to a vertical plane face of a substrate supported by said first 
containing the ^ot in said coating head and and second sd>strate supporting means as t|ie 85 
horizontsdly spaced from said jdane, said subsoate is moved throu^ said coating com- 
35 knife edge being positioned at a vertical levd position as the coating conq>osition gravitates 
such that it is able to contact the i^yper sur- in said vertical plane, 
face of said substmte just before the sub- 9. Apparatus as claimed in Claim 8, where- 
strate is moved through said gcavitatiiig cur- in said knife ^ge is positioned in a horizon- 90 
tain by said conveying means. tal plane exten(Ung generally paralld to, and 
40 2. Apparatus as daimed in Qaim 1, where- disposed bdow, the horizon^ plane occi^ied 
in shield means extend vertically upwardly by said substrate as it is moved throu^ said 
from said knife edge for blocking air currents curtain. 

moving in a direction normal to said vertical 10. A curtain coating apparatus stibstanti- 95 

plane. ally as hereinbefore described widi reference 

45 3. Apparatus as claimed in Qaim 2, where- to the accompanying drawingis. 
in said shield means is vertically adjustable. 

4. Apparatus as claimed in any preceding 

Qaim wherein said knife edge is slotted, and TREGEAR, THIEMANN & BLEACH, 

is provided with a member for connection to Chsutered Patent Agents, 

50 means for drawing air through the slot in Afdboume House, Aldwych, London, W.C2, 

said knife edge. Agents for die Applicants. 
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